Desmoid fibromatosis is a rare, neoplastic tumor known for its aggressive local invasion and recurrence after surgery. Tumors can occur sporadically or associated with familial adenomatous polyposis. We present 3 cases of desmoid fibromatosis postpancreatectomy for pancreatic adenocarcinoma. All cases occurred within 3 years of diagnosis of pancreatic cancer, with subsequent extensive diagnostic work-up to rule out metastatic disease. No relationship between pancreatic cancer and desmoid fibromatosis is documented in the literature, with a postulated connection via mutations on the Wnt/APC/Beta-catenin pathway. 
W e present 3 cases of desmoid fibromatosis mimicking metastatic recurrence postpancreatectomy for pancreatic adenocarcinoma.
CASE 1
A 53-year-old woman with a history of abdominal pain underwent computed tomography (CT) and subsequent magnetic resonance imaging (MRI), which demonstrated a 2.2-cm mass in the body of the pancreas ( Figure 1A ). Endoscopic ultrasonography with fine-needle aspiration revealed pancreatic adenocarcinoma. The patient received neoadjuvant chemotherapy and chemoradiotherapy followed by definitive surgery. The surgery consisted of a subtotal distal pancreatectomy, splenectomy, lymphadenectomy, and cholecystectomy. Pathologic examination demonstrated a 1.5 Â 1.0 Â 1.0-cm fibrotic mass in the pancreatic body, with only a microscopic focus of residual adenocarcinoma measuring less than 1 mm with negative margins. There were no positive lymph nodes.
The patient had an uncomplicated course until surveillance CT 2 years postoperatively showed a new irregular, enhancing, soft tissue mass in the root of the mesentery measuring 3.4 Â 2.6 cm ( Figure 1B ). Positron emission tomography revealed moderate increased fluorodeoxyglucose activity (standardized uptake value maximum, 3.8) and was considered highly suspicious for mesenteric root recurrent/metastatic disease ( Figure 1C) . A CT-guided percutaneous core needle biopsy specimen was consistent with desmoid-type fibromatosis, with molecular testing demonstrating a CTNNB1 (T41a) mutation. Subsequent imaging at 10 months postbiopsy revealed interval increased mass size, now measuring 6.3 Â 5.3 cm (Figure 2A ). Treatment with sulindac was initiated, but the mass continued to grow on surveillance imaging and became increasingly symptomatic with abdominal pain and dyspepsia. The patient underwent subsequent resection, which confirmed desmoid fibromatosis ( Figure 2B ).
CASE 2
A 51-year-old woman presented with abdominal pain. Subsequent CT demonstrated a large 11 Â 7-cm complex mass centered in the pancreatic body ( Figure 3A) , with biopsy confirming locally advanced pancreatic ductal adenocarcinoma. The mass encased the celiac trunk and trifurcation of the splenic, common hepatic, and left gastric arteries and abutted the anterior surface of the superior mesenteric artery. The splenic vein was occluded, with the mass abutting the superior surface of the main portal vein. The patient received neoadjuvant chemoradiotherapy and subsequent definitive surgical management. Surgery entailed subtotal distal pancreatectomy, splenectomy, partial left adrenalectomy, partial gastrectomy, and cholecystectomy. Because of the vascular involvement, en-bloc celiac axis, and portal-superior mesenteric vein confluence, resection was performed with complex vascular reconstruction. Pathologic examination revealed a densely fibrotic mass measuring 3.5 Â 3.5 Â 2.2 cm, without any residual tumor identified. Resection margins were clear with no lymph node involvement.
Subsequent follow-up was uncomplicated until 3 years postoperatively when an illdefined 2-cm enhancing mass was detected in the root of the small bowel mesentery ( Figure 3B ). Computed tomographyeguided biopsy was performed, with pathologic examination revealing desmoid-type fibromatosis positive for CTNNB1 (T41a) mutation. Given the benign pathology and lack of symptoms, the patient is currently in surveillance and remains with no evidence of pancreatic cancer recurrence.
CASE 3
A 69-year-old man presented with distal duodenal obstruction secondary to a biopsyproven pancreatic body adenocarcinoma with extrapancreatic extension inferiorly to involve the fourth portion of the duodenum. He underwent exploration at an outside facility and was found to have an isolated peritoneal metastasis and underwent palliative bypass of his duodenal obstruction. He then underwent extensive chemotherapy and subsequent chemoradiation. After more than 2 years of therapy with objective treatment response and no evidence of further metastatic disease, he underwent subtotal distal pancreatectomy, splenectomy, and lymphadenectomy. Pathologic examination revealed no residual active tumor, and all lymph nodes and margins were negative. On 9-month surveillance CT, a new mesenteric mass suggestive of metastatic disease was identified (Figure 4) . A CT-guided biopsy specimen was most consistent with desmoid-type fibromatosis positive for CTNNB1 (T41a) mutation ( Figure 5A, B) . This patient is currently in observation with no evidence of pancreatic cancer recurrence.
DISCUSSION
Desmoid fibromatosis or aggressive fibromatosis is a rare neoplastic tumor arising from proliferation of mesenchymal stem cell progenitors. 1 Although they do not metastasize, they have a tendency for aggressive local invasion and increased risk of recurrence after surgery. 2 In a Finnish population, desmoid fibromatosis accounted for 3% of all soft tissue tumors, 0.03% of all neoplasms, and an incidence estimated at 2 to 4 new cases per year. 3 In a separate study, age ranged from 15 to 60 years, with a peak at 30 years and a slightly increased female predilection. They occur along musculoaponeurotic structures, with most occurring intra-abdominally. 4 Desmoid fibromatosis can occur sporadically or be associated with familial adenomatous polyposis. The sporadic subtype is more common, occurring 85% to 90% of the time. 5, 6 Both desmoid fibromatosis subtypes are associated with specific mutations with relation to the Wnt/adenomatous polyposis coli/b-catenin pathway. b-Catenin is a protooncogene that regulates cell adhesion and transcription. There is an increase in nuclear accumulation of b-catenin in desmoid fibromatosis. In sporadic subtype, there is a somatic mutation on the CTNNB1 gene that affects the site of adenomatous polyposis coli/b-catenin interaction and ultimately the ability of adenomatous polyposis coli to drive b-catenin degradation. In familial adenomatous polyposis subtype, a truncated adenomatous polyposis coli leads to decreased adenomatous polyposis coli/b-catenin binding and resultant b-catenin accumulation. 7 All 3 cases described are not associated with familial adenomatous polyposis and are therefore of the sporadic subtype. In each case, a CTNNB1 mutation in the T41a hotspot on exon 3 was described.
The relationship of pancreatic adenocarcinoma with desmoid fibromatosis is not well established. The occurrence of desmoid fibroproliferation in 3 separate cases of pancreatic adenocarcinoma within the postoperative time frame is unlikely to be just coincidence. As discussed, desmoid fibromatosis, as well as many other malignancies, is associated with mutations on the Wnt/adenomatous polyposis coli/ b-catenin pathway. Pancreatic adenocarcinoma has been demonstrated to exhibit increased nuclear accumulation of b-catenin, indicating an involvement of this pathway in its pathogenesis. A previous study demonstrated a mutation on exon 3 of the CTNNB1 gene in 2 of 31 patients with pancreatic adenocarcinoma. 8 We present 3 cases of pancreatic adenocarcinoma with subsequent desmoid fibromatosis within a short time postoperatively that mimicked metastatic recurrence. This may indicate a relationship between the 2 entities, with the Wnt/adenomatous polyposis coli/b-catenin pathway providing a possible (although tenuous) connection.
There is a possible association between desmoid fibroproliferation and surgery or trauma. 9 This association most commonly occurs in the abdominal wall and extremities and is known as cicatricial fibromatosis.
10 A small number of cases of postoperative intra-abdominal desmoid fibroproliferation have been published. 11 Given this low number vs the number of intraabdominal surgeries performed every day, the development of desmoid fibroproliferation postsurgery is therefore very rare. The Wnt/ adenomatous polyposis coli/b-catenin pathway has again been postulated as an underlying etiological factor. 12 Desmoid fibromatosis is typically suspected on imaging studies, with a pathological specimen required for definitive diagnosis. All 3 cases described were dense masses in the small bowel mesentery on contrast-enhanced CT. Typically, imaging features depend on vascularity, collagen content, degree of fibrosis, and fibroblastic proliferation. 13 Although the abnormality may be noted on CT, MRI potentially offers better characterization and delineation. Computed tomography demonstrates a well-defined mass with variable enhancement pattern. The mass is typically isoattenuating to hyperattenuating to muscle on contrast-enhanced imaging.
14 Desmoid fibromatosis on MRI typically returns low signal on T1-weighted sequences, with variable signal on T2-weighted sequences. Enhancement pattern is again variable. Classically, desmoid fibromatosis, like most fibrotic-type tumors, demonstrate enhancement with minimal washout. Homogeneous, inhomogeneous, or no considerable enhancement has been described. 13, 15, 16 The appearances on fluorodeoxyglucose positron emission tomography/ CT are not well defined. Previous studies describe larger masses as moderately hypermetabolic and smaller lesions hypometabolic. Mean and/or maximum standardized uptake value has been quoted as 3.1 to 4.1. 17, 18 In the absence of known primary malignancy, the differential diagnosis on imaging is typically other soft tissue malignancies such as fibrosarcoma, rhabdomyosarcoma, synoviosarcoma, liposarcoma, and fibrous histiocytoma. Lymphoma is always a possibility in the mesentery, with metastatic disease also to be considered. 19 In this case, a recurrence of the pancreatic malignancy was the major pathology to be excluded.
The treatment of desmoid fibromatosis has shifted in recent years from en-bloc resection to conservative management, particularly in asymptomatic masses with slow progression. 20 En-bloc resection is associated with substantial recurrence in up to 60% of patients, with the recurrence at times larger than the initial FIGURE 3. Case 2. A, Axial, contrast-enhanced CT through the pancreas demonstrates a large mass in the pancreatic neck and body (arrow). This was subsequently resected with a diagnosis of pancreatic adenocarcinoma. B, Contrastenhanced CT demonstrates a well-defined enhancing mass in the small bowel mesentery (arrow). Subsequent CT-guided biopsy diagnosed desmoid fibromatosis. CT ¼ computed tomography. pathology. 21 Local therapies such as radiotherapy and cryoablation have been used with safe and effective outcomes. 22, 23 Multiple systemic therapies such as nonsteroidal antiinflammatory and antiestrogen therapies have been used, with varying results in predominantly small limited studies. [24] [25] [26] [27] In 2 of the cases, a noninvasive approach was been used, with a nonsteroidal anti-inflammatory used in the first case because of rapid tumor expansion.
In conclusion, we present 3 cases of pancreatic adenocarcinoma treated with pancreatectomy after neoadjuvant therapy that postoperatively developed desmoid fibromatosis mimicking tumor recurrence. Image-guided biopsy is able to yield tissue sufficient to make a pathological diagnosis in these perplexing cases. The potential association of the 2 entities with the Wnt/adenomatous polyposis coli/ b-catenin pathway highlights an intriguing consideration for further investigation.
